Thrombosis, sometimes with infarction, occurred in 20 of 52 dogs with renal amyloidosis. Pulmonary thrombosis was most commonly encountered, although the heart, kidneys, intestine, and other tissues were occasionally affected. Recent thrombi and older, organized thrombi occurred, sometimes in the same animal. The possible role of dehydration, hemoconcentration, hyperfibrinogeneniia, hyperglobulinemia, and clot-promoting factors in producing a hypercoagulable state is discussed.
Thrombosis is usually not a primary event; it occurs oftener as a complication of some intrinsic disease or of surgery and has been previously described in association with renal disease. ADDIS [ 1 ] noted venous thrombosis in the human nephrotic syndrome whereas FISHBERC [I41 mentioned that venous or arterial thrombosis might occur. SCHWARZ and KOHN [29] reported a patient with heavy proteinuria in whom cerebral and innominate arterial thrombosis with embolization to more distal vessels occurred. Two nephrotic patients with thrombi were described by ALDRICH [2] ; one had thrombosis of the iliac vein and the other, thrombosis of the renal vein.
Thrombosis has also been reported as a complication of the childhood nephrotic syndrome. Thrombosis of the vena cava and hepatic vein (Chiari's syndrome) was reported in a nephrotic child by DODD et al. [I I], and three nephrotic patients in whom femoral arterial thrombosis occurred after femoral venipunctures were described by GOLDBLOOM et al. [16] . Thrombosis of the pulmonary arteries has been described in nephrotic children, apparently in relation to corticosteroid therapy [17, 19, 20, 321. In human renal amyloidosis, thrombosis can occur in the deep leg veins [5] sometimes with embolization of the major pulmonary arteries [8] , and thrombosis of the renal vein is also a major complication [4] . In addition, BOWIE et al. [6] described chronic intravascular coagulation with consumption coagulopathy and hemorrhagic diathesis in a patient with amyloidosis and splenic arterial thrombosis.
Thrombosis of any vessel has received little attention in the literature of naturally occurring renal disease in animals. In a recent study of 44 cases of renal amyloidosis in dogs [3 I 1, we noted 14 animals with thrombi in the vascular system at necropsy and thrombosis of the major pulmonary arteries in 8 dogs. We have recently seen 6 additional dogs with the same association. The present report summarizes our experience with 20 cases of canine renal amyloidosis in which thrombosis occurred and suggests a possible relationship between these two conditions.
Materials and Methods
Case records of all 61 dogs with amyloidosis seen at the University of California School of Veterinary Medicine between January 1958 and April 1970 were reviewed as previously described [31] . Nine of the 61 dogs had isolated splenic or hepatic amyloidosis and were not included in the study because neither renal deposits nor thrombi were present. All cases were examined for the presence of thrombi or emboli in multiple tissue sections. Those 20 cases showing unequivocal gross and histologic features of antemortem thrombosis form the basis for this report.
In addition, pathologic data from 150 randomly selected dogs without amyloidosis but that had died of uremia were reviewed.
Resirlts

Clinical Features
All of the dogs in the study group had clinical and laboratory findings characteristic of renal amyloidosis [26,3 11 , but only 12 of the 20 dogs studied had clinical signs relating to thrombosis. These signs depended largely on the organ system involved. Seven of the 14 dogs in which pulmonary thrombosis occurred were suddenly dyspneic shortly prior to death, whereas the other 7 dogs were either found dead in their cages and not observed terminally or showed no apparent clinical signs that could be related to pulmonary thrombosis. One dog died during an acute abdominal crisis caused by occlusive thrombosis of the portal vein and mesenteric artery and subsequent infarction of part of the small intestine. Another dog had progressive loss of rear limb function caused by bilateral iliac arterial thrombosis. Sudden death occurred in two dogs with coronary thrombosis and acute myocardial infarc-tion, whereas lumbar flank pain and massive hematuria occurred in an additional dog that died with splenic and renal arterial thrombosis and total infarction of the left kidney.
Laboratory Findings
The most consistent laboratory abnormality was marked proteinuria. A 4 + reaction (Robert's test) was obtained in all 12 dogs on which urinalyses were performed. Hyaline and granular casts were commonly detected in the urinary sediment.
The erythrocyte sedimentation rate (ESR) was often greatly elevated, and plasma fibrinogen values obtained from eight dogs ranged from 650 to 1,200 mg/100 ml. The packed cell volume (PCV) was usually elevated initially because of dehydration and hemoconcentration but often reflected a mild anemia when proper water balance was maintained.
Eight of the 10 dogs from which blood urea nitrogen (BUN) values were obtained showed some degree of azotemia; 5 of the 8 dogs had BUN values between 40 and 60 mg/100 ml, whereas the remaining 3 BUN values ranged from 78 to 240 mg/100 ml.
Hypoproteinemia, with total serum protein values ranging from 1.9 to 5.8 g/100 ml, was seen in 10 of the 11 dogs from which protein values were obtained. Two dogs whose serum was examined electrophoretically had marked hypoalbuminemia; the alpha and beta fractions were elevated in both dogs, and one also had hypergammaglobulinemia. Cholesterol values in two dogs were 409 and 472 mg/100 ml. Two animals had the classical nephrotic syndrome with pitting dependent edema and ascites. Table I summarizes the pertinent clinical and laboratory findings.
Pathologic Changes
The commonest site for thrombosis was the pulmonary arterial tree (table 11). Nine of the 14 dogs in which pulmonary thrombosis occurred had large arterial thrombi that were easily detected ( fig. 1 ). These thrombi were in the main pulmonary artery, the right or left main branches, or both. Extension into other radicals was often revealed by vascular dissection. Some thrombi were solidly attached to the vessel wall, whereas no attachment site could be located in others. Both attached and free thrombi were found in some dogs. The thrombi were generally pink to grey-tan, somewhat mottled in appearance, and firm. Pulmonary thrombosis seen histologically in five other dogs had not been detected at necropsy. Three of the 14 dogs with pulmonary thrombosis also had pulmonary infarction.
TubkZ. Clinical Thrombosis at sites other than the lungs was usually found by studying vessels serving obviously infarcted tissues. Renal, splenic, intestinal, and myocardial infarcts were seen in different dogs and led to the finding of thrombi.
There was a wide variation in the age of the thrombi and the degree to which they were organized. This was especially true of the pulmonary throm-bi. More recent thrombi were not attached to vessel walls and consisted of a fibrinous, eosinophilic matrix in which a few leukocytes and erythrocytes were scattered ( fig. 2 ). Early degenerative changes with necrosis of vessel walls was occasionally evident in arteries containing recent thrombi ( fig. 3 ), and infarction of adjacent tissues was sometimes seen ( fig. 4, 5) . Older thrombi showed various degrees of organization and generally had zones of firm attachment to vessel walls. The oldest thrombi were densely structured, well organized, and exhibited peripheral recanalization ( fig. 6 ). Both older, organizing thrombi and recent thrombi, sometimes with infarction, were occasionally seen in the same dog.
Degenerative vessel changes typical of uremic vasculitis were seen in various degrees of severity in four dogs and were marked in two of these. Thrombosis was noted in only 7 of the 150 uremic dogs without amyloidosis that served as controls.
Discussion
The pathogenesis of thromboembolism as seen in these dogs with renal amyloidosis is unclear. It was a common enough occurrence in our series, however, that a cause-and-effect relationship may exist. Analysis of the available data does not adequately explain the occurrence of thrombosis in these dogs, but certain features of this renal syndrome may contribute to thrombogenesis.
Clinical evidence of dehydration was common in nearly all these dogs; the PCV was often elevated. Dehydration leads to hernoconcentration and a slowing of blood flow caused by increased viscosity secondary to an elevated PCV. This decreased velocity produces a deviation of blood cells from the normal axial streaming. A decrease or loss of the marginal plasma layer acting in concert with the margination of blood cells favors interaction with vascular endothelium and adhesion of cells and platelets. In addition, slowing and hyperviscosity of blood flow may produce hypoxic vessel wall damage with increased vascular permeability and local plasma loss. Experimental studies have established the role of hernoconcentration in the production of thrombi. A moderate injury to the vessel wall will produce only a slight deposit of platelets if continuously normal blood flow is maintained [27] , but occlusive thrombosis will result after a similar vessel injury if blood flow is disturbed or if stasis occurs [3] .
All of the dogs from which plasma fibrinogen values were obtained had hyperfibrinogenemia. Fibrinogen is an important constituent of blood coagulation, not only as a clottable plasma protein, but also as a cofactor in platelet hemostatic functions. Adenosine diphosphate (ADP) causes rapid aggregation of blood platelets [15] , and fibrinogen will increase this ADP-mediated platelet aggregation [lo] . Since red blood cells are an important source of ADP [28] , the hemoconcentration and hyperfibrinogenemia seen in dogs with renal amyloidosis could enhance ADP-fibrinogen-mediated platelet aggregation by providing abundant reactants.
Elevation of plasma a-globulins often accompanies protein-losing renal diseases such as renal amyloidosis, and a-globulins have antifibrinolytic activity [18] . COTTON [9] reported that plasma from patients with the nephrotic syndrome had greatly increased antifibrinolytic activity compared with controls matched by sex and age. BULUK and FURMAN [7] and MENON [23] found greater fibrinolytic activity in blood from the renal vein than in renal arterial blood and suggested that the kidneys may be involved in regulating the fibrinolytic activity of the peripheral blood. Parenchymal changes in the diseased kidney thus may contribute to the decreased fibrinolytic activity and hypercoagulability noted in renal disease [12, 13, 22, 301 . Inhibition of the fibrinolytic system [25] and a state of hypercoagulability [33] have also been described in dogs with experimental renal tubular necrosis. Rats with aminonucleoside-induced nephrotic syndrome exhibit greatly decreased fibrinolytic activity and elevated plasma fibrinogen levels at the peak of the disease [21] . These changes are generally associated with the loss of plasma proteins in urine and the abnormal protein metabolism seen in the nephrotic syndrome.
Increased serum lipids and cholesterol are also seen in the nephrotic syndrome. Hypercholesterolemia occurs in canine renal amyloidosis and was Fig. 3 . Medium-sized coronary vessel containing a recent thrombus. There is acute degeneration of the arterial wall with nuclear karyorrhexis and pyknosis. HE, x 280. Fig. 4 . Section of myocardium in which infarction has occurred. HE, x 125.
found in the only two dogs in the present series from which cholesterol values were obtained. Hyperlipemic animals have an increased frequency of thrombosis [24] . Serum protein changes are common in renal amyloidosis. Marked proteinuria results in hypoproteinemia, especially hypoalbuminemia. There may also be a decrease in circulating antithrombin, a serum albumin, that may contribute to dysfunction of the fibrinolytic system. In addition, some of the clot-promoting factors, such as prothrombin and factor VIII, are located in the a-globulin portion of serum, which is usually elevated in renal amyloidosis.
Since thrombi were not detected in nine dogs with nonrenal amyloidosis, thrombosis in dogs with renal amyloidosis may be attributed to renal disease and its consequences rather than to amyloidosis alone.
Azotemia and resultant uremic vascular lesions could also contribute to thrombogenesis. The elevated BUN values in the dogs in this series with thrombosis differ somewhat from the general picture of dogs with renal amyloidosis. In the current series, only 2 of 10 dogs tested had BUN values in the normal range, whereas 24 of 44 dogs with renal amyloidosis in our previous survey had normal BUN values [31] . Thrombosis is generally an uncommon occurrence in uremic dogs, however.
The relative contribution of any of these factors to the pathogenesis of thrombosis as seen here is purely speculative. The data provided by this retrospective study do not allow a precise appraisal of factors that may enhance thrombogenesis. The frequency of thrombosis in this series suggests, however, that a hypercoagulable state may be present in some dogs with renal amyloidosis.
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